Does spatial separation incur a processing time requirement before precise alignment judgements can occur? Alignment thresholds for separated lines are measured for exposure durations from 27 to 500 ms, with and without post-masks. The effect of masks on visibility is controlled. Unlike without a post-mask, with an effective post-mask, alignment thresholds improve substantially with time, i.e. in squareroot fashion. Alignment across space may be important for further shape analysis. Threshold improvement is probably not explained by a spatial scale shift of visual analysis over time. A higher-order collection stage appears to refine relative position information for up to 200 ms.
Introduction
Spatial location and orientation, inherent features in spatial alignment, are two of the most elementary units of information used in shape representation and therefore constitute spatial 'primitives' (Marr, 1976) . Judgements of relative spatial position and orientation are also among the most precise that the human visual system is capable of. Is the ability to judge spatial misalignment then, immediate? It is thought that the visual system processes spatial alignment information in different ways, depending on the spatial proximity of the targets involved and the availability of useful differential contrast cues (e.g. Burbeck & Yap, 1990; Waugh & Levi, 1993a) . That is, for touching or closely separated targets where local contrast changes are a useful cue to a change in position or alignment, relative position thresholds such as vernier thresholds, can be accounted for by combining the differential outputs of the early contrast detection filters in vision (Klein & Levi, 1985; Wilson, 1986) . For vernier acuity then, providing the target energies are kept approximately equal to the visual system, the ability to judge misalignment is approximately equal, precise and essentially immediate. Thresholds are equally precise for detecting misalignment when such targets are presented for a few milliseconds or for 1000 ms (Hadani, Meiri, & Guri, 1984; Waugh & Levi, 1993b; Westheimer & Pettet, 1990) although they are also dependent on having same contrast polarity (e.g. Levi & Waugh, 1996; Levi & Westheimer, 1987; O'Shea & Mitchell, 1990 ) and being simultaneously visible within the temporal integration time of the underlying spatial filter (Beard, Levi, & Klein, 1997; Wehrhahn & Westheimer, 1993) . Furthermore, the results of a study using a simultaneous masking paradigm suggest that the precision of vernier thresholds is predominantly dependent on the signal-to-noise properties of a small range of contrast sensitive filters (Waugh & Levi, 2000) , rather than on a shift from the large towards the finest spatial scales in vision (an alternative suggested by Watt (1987) for the processing of spatial geometrical information).
What happens when local contrast cues cannot provide sensitive information about spatial misalignment to the visual system, such as when the targets are distinctly separated in space? The contrast dependencies of these thresholds are far weaker (Waugh & Levi, 1993a) and not dependent on the contrast polarity (e.g. Levi & Waugh, 1996; Levi & Westheimer, 1987; O'Shea & Mitchell, 1990) or the temporal synchrony of the component lines (Beard et al., 1997) . Indeed, computational models which rely on contrast sensitivity responses of early spatial filters to fully account for these thresholds, fail, once target separations exceed about 10 arcmin for foveal viewing conditions (Klein & Levi, 1985; Wilson, 1986) . Theories proposed to account for these thresholds, therefore, invoke secondorder, or later stages above contrast detection, that either suggest a comparison process across absolute position tags or local signs (Hering, 1899) , or a transmission of positional information between targets by collector type mechanisms (Levi & Waugh, 1996; Morgan, Ward, & Hole, 1990) . To give further insight into the nature of the process used to extract relative positional alignment from separated targets, clearly a task related to some further shape analysis tasks (e.g. Levi & Klein, 2000; Saarinen & Levi, 2001) , experiments in the current paper investigate processing time aspects of simple two-line spatial alignment. As has been done previously for vernier acuity (Waugh & Levi, 1993b; Waugh & Levi, 2000) , spatial noise masks are used to directly follow an equally visible alignment stimulus, ostensibly to limit the processing time to the stimulus exposure duration. This is a paradigm similar to that used by several other authors for other spatial tasks in an attempt to end any useful visual persistence or visual processing once the stimulus is turned off (e.g. Foster & Westland, 1998; Hess, Beaudot, & Mullen, 2001; Watt, 1987; Waugh & Levi, 1993b ). An alternative view is that rather than simply limiting the processing time of the spatial stimulus, the post-mask may affect thresholds through a backward masking mechanism (e.g. Breitmeyer, 1980; Breitmeyer & Ganz, 1976) . Whatever the exact mechanism, the effect of similar post-masks to the ones used in this study on vernier acuity, appears to be explained by its effect on target detectability. What becomes interesting to study in this paper is whether or not, once the effect of any post-mask on target visibility is taken into account, the processing of alignment information across space displays a different time-consuming process.
Previous research has reported a rather slight, though not always consistent effect of exposure duration on alignment thresholds (Waugh & Badcock, 1996 Waugh & Levi, 1993a) , amounting to an improvement overall in threshold with increasing exposure duration according to a power function with slope of about À0.10. This was found using equally visible line and blob stimuli across exposure duration, however, no attempt was made to constrain available processing time by using for example, a mask, to immediately follow the target presentation. The effects of exposure duration on spatial interval discrimination thresholds for widely separated bars have been investigated and in some cases were found to be substantial (Burbeck, 1986; Burbeck & Yap, 1990) , however, in these studies, target visibility was not well controlled and again experiments did not employ a post-mask. In addition, the results of one study (Beard et al., 1997) using equally visible though unmasked stimuli has shown that when the two lines of an alignment target were presented with asynchronies of up to about 200 ms, alignment thresholds were not adversely affected. This finding might suggest that the extraction of alignment information could not possibly be immediate. Indeed, in the current study, a substantial effect of exposure duration on alignment thresholds (i.e. slope of À0.5) using a high-energy post-mask as a tool is revealed perhaps for the first time.
Methods
All stimuli were generated using a Cambridge Research Systems VSG2/3 graphics card, which drove a Hitachi monitor (P4 phosphor) at 150 Hz. The alignment target stimuli were two horizontal thin dark lines, each 30 arcmin long and separated by 90 arcmin, presented on a mean luminance (40 cd/m 2 ) background. The mean luminance screen was surrounded by a large grey field of a slightly lower mean luminance. The stimulus lines were always 2 pixels wide (1.14 arcmin), unless in order to obtain higher visibility for the observer, they were made slightly wider, however, in all cases the alignment line stimuli had the same dimensions as the detection line stimuli used under all experimental conditions, to ensure that visibility of the alignment stimuli was kept constant across all conditions. A control experiment confirmed that maximum changes in line width did not influence alignment thresholds. All stimuli were viewed monocularly; from 3 m.
Alignment thresholds were measured for stimuli presented for 27, 50, 100, 200 and 500 ms with abrupt onset and offset. For the alignment task, the observers were instructed to fixate the leftmost target line, the reference line, while making alignment judgements about the non-fixated line, the test line (see Waugh & Levi, 1993a for diagram of stimuli and justification of this strategy). The alignment stimulus was immediately followed by a mean luminance screen (no mask condition) or after 7 ms (1 frame), by a spatial noise mask, which remained on for 500 ms. The 7 ms time was selected based on the results of pilot experiments, where the temporal asynchrony of the mask was varied and on average, optimal interference was found on the alignment task for this duration, decreasing for longer durations and slightly more than occurred for an immediate onset. This timing of mask effectiveness is not at all like the longer duration of effectiveness found for backward metacontrast masking (Breitmeyer & Ganz, 1976) . The 7 ms asynchrony also matches that used in previously published work for vernier acuity (Waugh & Levi, 1993b) . There were two types of mask. One-dimensional spatial noise masks were constructed by adding in random phase, integral sinusoidal wave components specified within the desired bandwidth (1.24-4.92 c/deg) and oriented at 20 deg. The mask contrast, the maximum peak to peak variation in the luminance profile, was either 40% or 100%. Random dot masks consisted of bright white dots/blocks, either 1.7 arcmin or 6.8 arcmin square, on the mean luminance background, so that they produced an overall brightness change as well as a spatial change. Both types of mask filled the entire stimulus field. The spatial characteristics of the masks were estimated from previous results (Waugh & Levi, 1995) to produce maximum interference on the specific alignment judgement for each observer. It was not the intention of this study to carefully carry out a full range of mask energy levels, although this may well be of interest in future studies.
To ensure that the effects of exposure duration and post-masks on target visibility during the alignment task were carefully accounted for, contrast thresholds for the non-fixated line were measured for each observer at all exposure durations and under all post-mask conditions. The stimulus arrangement for measurement of contrast thresholds was the same as that used for the alignment task, however, the leftmost fixated line was always clearly visible and judgements were made about the rightmost non-fixated line. A method of constant stimuli in conjunction with a temporal 2AFC paradigm was used, so that the non-fixated line was presented in one of two intervals, at one of 6 near-threshold contrast levels, including a blank. Near-threshold performance curves were generated from at least 4 runs of 120 trials, and thresholds were obtained using the 82% parameter of the Weibull function (fit from 50% to 100% performance). The averaged results for 3 observers are shown in Fig. 1 . Alignment thresholds were then measured for each exposure duration and each post-mask condition, using test lines whose contrast was set to be an equal multiple above their detection thresholds. A method of constant stimuli with feedback was used to estimate thresholds for precision of alignment. Each experimental run consisted of 140 trials (spread randomly over 7 levels of alignment) and thresholds were calculated by fitting a cumulative Gaussian to combined data from at least 4 runs. The slope parameter of this function, corresponding to the standard deviation of the assumed underlying normal distribution or approximately 84% correct, was used to estimate alignment thresholds. Three highly practiced observers, the author and two who were naïve to the aims of this study, participated in this study. The conduct of this research project was approved by a University Ethics Committee, which complied with the tenets of the Declaration of Helsinki. Informed consent was obtained from all the participating subjects.
Results
The main results are summarised in Fig. 2 (for observers A, B and C). Here, alignment thresholds for separated lines, where the non-fixated line visibility was maintained at a constant multiple (3 or 5 times) above its contrast detection threshold at all exposure durations and all mask conditions, are plotted against exposure duration for all 3 observers. The upper half of Fig. 2 shows results using 'high' energy post-masks for observers A, B and C and the lower half of Fig. 2 , shows results for the same 3 observers using 'low' energy post-masks.
Power functions of the form
where th is the threshold value, k is a constant which identifies the position of the function on the threshold ordinate, and n is the exponent or slope of the best fitting function, were fit to these data. This function produces a straight line on log-log axes, where the exponent represents the slope of this line, giving some indication of the nature of exposure duration effects on alignment (see Table 1 ). In the 'no mask' condition (open circles connected by fine lines in graphs), where the stimulus lines are followed by a mean luminance screen, precision of alignment improves only slightly from 2.03 arcmin to 1.48 arcmin on average, with increasing exposure duration from 27 to 500 ms. The magnitude of these thresholds compares favourably with alignment thresholds measured for similar visibility targets with the same 90 arcmin separation and the same task, where one line only was fixated (e.g. Beard et al., 1997; Waugh & Levi, 1993a) . The improvement with increasing duration follows a power function yielding an exponent of À0.11 (SD = 0.02) when averaged across the 3 observers (see Table 1) . If, however, a 'high' energy mask (20 deg mask at 100% contrast or 12 pixel 'dot' mask) closely follows stimulus offset, thresholds improve more markedly producing an average exponent of À0.49 (SD = 0.07) for exposure durations up to about 200 ms (upper half of Fig. 2 and Table 1 ). For durations of 200 ms and above, these thresholds follow the same slight trend as the 'no mask' thresholds. The lower contrast mask (20 deg mask at 40%) and the mask containing a smaller dot size (3 pixel dot mask) produced an intermediate effect where the fitted power function exponent of À0.29 (SD = 0.13) was found on average across the 3 observers (see lower half of Fig. 2 and Table 1 ). These masks will be referred to as 'low' energy masks. There was some variability in the relative effectiveness of each post-mask at interfering with alignment thresholds across different observers, however, in all cases, the magnitude of the slope of the function increased as the mask energy increased. For example, for observers A and C the target lines were maintained at 5 times the contrast detection threshold of the test line under all conditions. However, for observer B, the target lines needed to be maintained at 3 times the contrast detection threshold for each condition, for an effect of the same post-mask to be revealed.
A repeated measures ANOVA performed on the core data collected for the 3 observers, for all 5 exposure durations (27, 50, 100, 200, 500 ms) and all 5 mask conditions (no mask, 20 deg 40% contrast mask, 3 pixel dot mask, 20 deg 100% contrast mask, 12 pixel dot mask), confirmed the above findings statistically. In summary, there was a significant interaction between mask type and exposure The fine open symbols connected by fine lines represent detection thresholds for unmasked stimuli, i.e. stimuli were preceded and followed by mean luminance screen. Other data represent detection thresholds measured where a mask closely followed offset of the stimulus lines (see text). Units of % minutes are standard units to use for thin lines such as these (e.g. see Klein et al., 1990) The fine open symbols connected by fine lines represent alignment thresholds for unmasked stimuli, i.e. stimuli were preceded and followed by mean luminance screen. Other data represent alignment thresholds measured where a mask closely followed offset of the stimulus lines (see text). The non-fixated line was maintained at a constant multiple above its contrast detection threshold (5 times threshold for observers A and C, 3 times above threshold for observer B) for all conditions of viewing (i.e. taking into account the effect of the masks on contrast detectability of the target lines). Slopes obtained for the data (15-200 ms) are given in Table 1 . 
Discussion
The results of these experiments suggest that the alignment of separated lines, as distinct from the vernier alignment task, requires processing time in order to obtain finest relative position thresholds. In the vernier task, thresholds remain equally precise across exposure duration providing the same-polarity contrast target lines remain equally visible and any effect of post-masks appears to influence these thresholds predominantly via affecting target visibility (see Waugh & Levi, 1993b . In contrast, the results here show that when the target lines are separated in space, optimal alignment thresholds do require time for processing if a high-energy post-mask closely follows stimulus offset, despite target visibility being carefully controlled for. This control then, is assumed to take into account any changes over time that any of the masks have on temporal integration for detection. Under these circumstances, thresholds improve approximately with the squareroot of target exposure duration (i.e. the best fitting power function exhibits an exponent close to À0.5) up to about 200 ms.
An alternative way to assess the effect of the mask on alignment could have been to keep a constant duration presentation of the alignment stimulus and varied the onset asynchrony of the mask, ensuring therefore a fixed temporal integration for detection. Results for an experiment exactly like this using an exposure duration of 27 ms and the same masks as in this paper, suggest that the masks interfere with the alignment judgement up to about 125 msec asynchrony, or a total of at least 150 msec processing time (Waugh & Badcock, 1996) . The full results of these experiments have not yet been published, however, they lend support to the findings reported here.
Previous studies (Burbeck, 1986; Burbeck & Yap, 1990 ) have revealed processing time requirements for localisation acuity for both large and small separations for a separation discrimination task. Essentially the results showed that a time-consuming process could be revealed for both closely and clearly separated stimuli if high spatial frequency (rather than low spatial frequency) bar components were highlighted. However, the effects on bar visibility or detectability over time for the same stimuli were not carefully monitored (a factor known to be critical for closely separated targets; see Hadani et al., 1984; Waugh & Levi, 1993b and post-masks were not used to limit processing time (a factor shown in the current paper to be important for widely separated targets; see also e.g. Watt, 1987) , so that the nature of different alignment processes could not be clarified in these earlier studies on separation discrimination. The effects of adding similar flanking bars simultaneously with the bar stimuli for the spatial interval discrimination stimuli were investigated and did reveal a time-consuming process for localisation (Burbeck & Yap, 1990) similar to that revealed in the current study for alignment across gaps. However, the effects of target uncertainty amid these similar flanking bars were not addressed, nor were no post-masks or successive flanking bars were used to limit processing times in this study. Interestingly, results of a more recent study by Beard et al. (1997) have revealed that for equally visible separated lines such as the ones used in the current study, an asynchrony of line presentation from when both are presented together, to successive presentations with up to about a 200 ms temporal gap (with known general location of the successive line), does not interfere with alignment thresholds across a 90 arcmin gap. Asynchrony had a significant effect though on thresholds for vernier alignment (see Beard et al., 1997, Fig. 5 ). These findings could lend support to the idea presented below where a time-consuming collection process may be occurring across the gap, for the calculation of alignment thresholds (unlike the essentially immediate process that occurs for vernier alignment).
Lower energy masks that closely follow stimulus offset, also interfere with temporal processing of alignment information but to a lesser or minimal degree, i.e. an exponent between À0.10 and À0.41 is produced (see Table 1 ). It is as though the positional signals generated from the target lines are less effectively blocked, or interfered with, by relatively lower energy masking noise. When no mask follows the stimulus, a slight effect of exposure duration (exponent of on average À0.11) is still found. The difference between the effectively masked and unmasked conditions suggests that in the unmasked case, alignment processing continues to occur within the visual system after the target lines have been turned off, or it may represent probabilistic decisionmaking behaviour over time (Watson, 1979) . It is important to point out again that the square-root processing time characteristic is revealed only with effective masking of the stimuli, which may be orientation and energy dependent.
As mentioned in the introduction, an alternative view could be that rather than simply limiting the processing time of the alignment stimulus, the post-masks used in these experiments could affect alignment thresholds through a backward masking mechanism (Breitmeyer, 1980; Breitmeyer & Ganz, 1976) . There are several features of backward masking (by structure or noise) that are not exhibited by our results (see Breitmeyer & Ganz, 1976) . First, backward masking is said not to affect the detection of the location of a target, despite suppression of brightness, contour detail or form, whereas our mask does interfere with alignment thresholds, presumably by limiting stimulus duration. Second, it is said that as the mask contours increase in distance from the target contours, the magnitude of backward masking decreases, a finding not supported here in that smaller dot/block masks with closer contours to the target lines are less effective than larger block masks. Third, some backward masking effects are not obtained with forced-choice paradigms such as the one used in this study, whereas our masks were still effective. Finally, backward masking effects are apparently absent or relatively weak when the target and mask are presented at the fovea, however, the current findings are quite substantial. It has been found previously (Waugh & Levi, 1993a , 1993b Waugh & Levi, 2000) that post-masks such as those used in this study only affect vernier thresholds by affecting target visibility. Thus no backward masking, other than the effects on visibility or integration, appear to occur for the vernier task. However, the results of this study show that an effect of exposure duration with the post-mask does occur for the alignment task, in addition to any effects on detection. Thus importantly, whatever the nature of the post-mask, the alignment process is clearly different from the vernier task and would appear to require more time.
By what process do alignment judgements across space improve over time, and what does the square-root rate of improvement represent? Along with numerous other researchers (e.g. Hess & Holliday, 1992; Klein & Levi, 1987; Morgan & Hotopf, 1989; Moulden, 1994) we have previously suggested that for separated lines, a secondorder comparison (Waugh & Levi, 1993a) or collection stage (Waugh & Levi, 1995; Levi & Waugh, 1996) is required in order to extract relative position thresholds. First-order or single-stage linear theories (e.g. Klein & Levi, 1985; Wilson, 1986) , in which pooling of differential contrast signals from appropriately sized or orientated spatial filters mediate relative position thresholds, can account for thresholds obtained from very closely separated target features of same contrast polarity e.g. classical vernier acuity, rather well. However, their predictions fail once target features become separated by more than about 10 arcmin under foveal viewing conditions (Klein & Levi, 1987; Wilson, 1991) . Second-stage theories, in which positional information from first-stage filters is compared or collected by second-stage non-linear rectifying filters, need to be invoked once target features are widely separated, in order to explain how relative position thresholds remain robust to for example, contrast manipulations of target elements (Levi, Jiang, & Klein, 1990; Morgan & Regan, 1987; Waugh & Levi, 1993a) . The strongly time-dependent function revealed in the current experiments for alignment using separated lines would appear to be a fair indicator of a truly time-variant process most likely residing at the second stage.
A simple solution would be that absolute position signals triggered by first-order filters could be compared at a second-stage in order to extract relative position information, i.e. the essence of classical local sign theory (Hering, 1899; Klein & Levi, 1985; Waugh & Levi, 1993a) or a 'comparator' model. A square-root law of improvement with time, such as that revealed by the current results, would be compatible with the comparator behaving like an ideal detector (DeVries, 1943; Rose, 1942) except that instead of counting photons and being limited by statistical photon fluctuations, the comparator would improve with incoming position signals from the first stage, statistical noise being introduced by incomplete signal representation at short durations, or from positional uncertainties associated with the underlying filters. Although all of the stimuli in this study were supra-threshold and at least approximately equally visible, the signal profile in terms of peak localisation may be incomplete at short durations, without a loss in total detection energy. A square-root law might also be obtained probabilistically over time by a single integrating mechanism for position whereby all momentary probabilities are taken into account (Watson, 1979) . However, a simple comparison of absolute position signals, as would be compatible with classical local sign theory would predict that, providing the target lines are identifiable or visible, relative position thresholds would be unperturbed by noise placed over or between the target lines. Although there is some evidence to support this notion (Morgan et al., 1990) , there is also evidence to suggest that alignment is differentially affected by different orientation and spatial frequency characteristics of a mask placed over the whole stimulus consisting of separated dots, without orientation tuning profiles of their own (Levi & Waugh, 1996) , and also when placed between, but not covering, short target lines (Mussap & Levi, 1996; Waugh & Levi, 1995) . This finding was confirmed in a control experiment in the current study, the results of which are shown in Fig. 3 for observer B. In this figure alignment thresholds are measured across time with and without full simultaneous masks (created by frame interleaving) known to interfere . Thresholds were measured for the no mask condition and for conditions where a spatial noise mask was interleaved with the target lines so that they appeared simultaneously on the screen. The masks contained a 2-octave band of spatial frequencies (1.2-4.8 c/deg) known to be optimally effective at masking at this separation for long durations when oriented at 20 deg. In one condition (20 deg ''strip'' mask), the mask was constructed to fall between, but not overlapping, the target lines (the mask width and length was 86.5 min arc). The data shown for another condition (90 deg ''full'' mask), show the lack of masking effect when a non-optimally aligned mask was combined with the target lines.
most with alignment thresholds for long durations (Waugh & Levi, 1995) and confirmed here to interfere at all durations tested (see Fig. 3 ). Strip masks with the same characteristics, however, placed well within the gap between target lines also lead to interference in the alignment process, although to a lesser extent at all durations (see Figure  legend for more details of symbols). Such results are incompatible with the classical local sign theory but are more answerable to a second-order collector theory. A more attractive second-order process involved in alignment processing across spatial separation is a second-order collection or collation process similar to that previously proposed to explain various perceptual phenomena (Grossberg & Mingolia, 1985; Morgan & Hotopf, 1989; Tyler & Nakayama, 1984) and other psychophysical findings including aspects of the spatial alignment judgement (Levi & Waugh, 1996; Moulden, 1994; Waugh & Levi, 1995) , or a 'collector' model. Our masking studies suggest that a second-stage mechanism collects the (squared) responses of the first-stage filters along a (predicted) orientation trajectory. Secondorder filters are oriented and have a size tuning similar to that of the overlying first-order linear filters (Levi & Waugh, 1996; Waugh & Levi, 1995) . Such a model is also attractive as it appears to have a physiological basis in the construction of long receptive fields of higherorder neurons from smaller, lower-order receptive fields (Gilbert & Wiesel, 1985) . In the case of a collection process by second-order filters, alignment thresholds could improve over time in a square-root fashion due to statistical fluctuations in completeness of positional signals from first-order filters improving over time or probability summation over time of signal integration by the second-order mechanism. It appears that as far as alignment processing is concerned, temporal integration that is strongly time dependent is complete by about 200 msec, with a much lower dependence occurring for longer durations.
An additional but not necessarily conflicting possibility, if one assumes that the masking results reveal characteristics of the second-order collector filters, is that with time, the size of these filters changes from large to small, resulting in finer position thresholds. Such a notion was proposed by Watt (1987) for geometric processing of spatial information within local regions, rather than across space, however, such an idea could be applied to second-order filtering operations as well. It is difficult to directly test this issue using the stimuli and paradigm of this study. Perhaps experiments introducing different known spatial frequencies into the target, or parts of the target, at different durations, may be one way of doing this in the future (e.g. somewhat in a manner related to Seyler & Budrikis, 1959) , whilst ensuring stimulus detectability is maintained at a constant level. Indirectly though, data from the current experiments suggest that this possibility is unlikely. First, because the spatial content of the most effective noise mask interleaved with the stimulus at 500 ms, produced similar relative interference at 50 ms (see Fig. 3 ), suggesting that the spatial characteristics of the second-order mechanism remain the same (or shift only within the 2 octave band of the mask). This is also a conclusion reached in a previous study (Burbeck & Yap, 1990) although there were some additional issues with that study as mentioned earlier. Second, a further control experiment was carried out on observer A in which spatial tuning functions were measured under In the left-hand figure, masks containing 1-octave bands of spatial frequencies were used at 100% contrast, whereas in the righthand figure, masks containing bright white blocks (whose side dimensions varied) on a mean luminance background were used. For the 27 ms duration, the mask immediately followed the alignment targets and remained on for 500 ms. For the 500 ms duration, the mask was interleaved with the stimulus so that they appeared superimposed. The symbols connected by the dashed lines show the unmasked thresholds. In all instances, alignment thresholds were measured such that the non-fixated target line was always kept an equal multiple above its detection threshold.
post-mask conditions at 27 ms, and simultaneous mask conditions at 500 ms, the two most widely separated exposure durations used. Although the masking conditions here for the two durations are not identical (too few frames to get measurable thresholds for interleaving at 27 ms; no effective post-mask for a 500 ms), it is thought that they both lead to threshold elevation that indicates which underlying spatial mechanisms are important in performing the alignment judgement for the two durations. The results are presented in Fig. 4 . Maximum spatial interference occurred at similar spatial sizes using both one-dimensional band-limited masks and 'dot' masks. If one assumes that the peak occurred at about 2 c/deg for the spatial noise mask, this would simplistically translate to a block size of about 26 pixels/block, which is a reasonable estimate of the peak effect found for the dot mask. There was no clear shift in peak interference for either mask type between 27 and 500 ms, suggesting that a spatial scale shift probably does not underlie the smaller alignment thresholds that occur for the longer exposure duration. Whatever the nature of the process, what is clear from the current results is that the process of extracting alignment information from separated targets in space is different from that used for vernier acuity and is a time-consuming process in its own right.
